ALTHOUGH scattered early reports are recorded of probable subacute bacterial endocarditis, clear recognition of this disease as different from nonbacterial (rheumatic) endocarditis on the one hand and acute septic (ulcerative) endocarditis on the other was not accomplished until the first decade of the century; doctors in general were not correctly diagnosing subacute bacterial endocarditis until the twenties. Our present discussion concerns diagnosis and prevention; those who wish to read the interesting story of the development of the subject are referred to the articles of Blumer,' of Thayer2 and of Longcope.3
DIAGNOSIS OF SUBACUTE BACTERIAL ENDOCARDITIS

Clinical Diagnosis
Although blood culture (see below) is paramount in the diagnosis of bacterial endocarditis, the clinical features include a constellation of findings so characteristic that as a rule the condition can be recognized by history and physical examination alone.
1. The Cardiac Lesion. Since the essence of the disease is the implantation of bacteria on a previously damaged endocardium or at the site of a congenital defect, signs of a cardiac lesion are rarely lacking. In some 90 per cent of the cases an area of rheumatic damage, usually of the mitral valve, less often of the aortic, is the site of infection. The tricuspid and pulmonic valves are much less frequently From the Department of Medicine, Stanford University School of Medicine, San Francisco, Calif. 290 involved. Congenital lesions are at fault in approximately 5 per cent of the cases; bicuspid aortic valves, patent ductus arteriosus, interventricular septal defects, coarctation of the aorta and pulmonic stenosis are of greatest importance.4 Curiously enough, auricular septal defects are rarely implicated. Rheumatic as well as congenital lesions may, of course, exist in the same patient. Aortic valves injured by syphilis alone are rarely, if ever, the site of bacterial endocarditis; the validity of the few reported cases is variously judged. At any rate, syphilis is certainly not a significant predisposing cause.' In somewhat less than 5 per cent of the cases, bacterial implantation seems to have taken place in undamaged endocardium; at least the pathologist finds no definite evidence of an antecedent lesion.
2. Fever. While fever is the rule, no special type of temperature curve is characteristic of bacterial endocarditis. There may be low irregular elevations or high "septic" fever of intermediate grades. Chills may suggest malaria. Of especial importance from the diagnostic standpoint are the afebrile periods which occur in some cases. Such absence of fever by no means always means a healed or bacteriafree stage of the disease, as shown by the afebrile periods in patients who have had suppressive but subcurative doses of an antibiotic.
3. Petechiae are of especial importance in diagnosis and should be carefully looked for. The tiny white-centered lesions often found in the palpebral conjunctivae as well as in the skin are thought to be especially suggestive of bacterial endocarditis in contrast with the larger purpuric spots which may be found in a Circulation, Volume VIII, Auqust, 1958 variety of infections. Petechiae may be few and scattered, or the body and legs may be peppered with profuse crops. In a doubtful case petechiae are especially important; in one patient the discovery of a single typical lesion under the tongue clinched the diagnosis. There is no regular correlation between the number of spots and the degree of bacteremia; however, the most profuse crop we have seen occurred in a woman with over 400 colonies of Streptococcus viridans per milliliter of blood. The little "splinter" hemorrhages seen at times under the nails are of less importance than petechiae; the painful swollen finger tips (Osler's nodes) also have diagnostic significance.
Petechiae must be distinguished from punctate telangiectases. The latter are bright red, they do not fade in a day or two as petechiae do, and they can be felt as slight elevations. Scrutiny of a doubtful spot with a strong magnifying glass usually helps to identify its nature.
4. Palpable Spleen. In our experience the spleen is almost always palpable even in "early" cases of bacterial endocarditis. The enlargement is usually not great, however, except in the occasional splenomegalic type of the disease to be mentioned below. In doubtful cases splenic enlargement may be decisive in pointing to the correct diagnosis. 5. Clubbing of the finger tips develops early in many patients with bacterial endocarditis and is a very valuable addition to the constellation of diagnostic findings. This sign has not been sufficiently emphasized in many accounts of the disease.
6. Embolic phenomena occur at some time in most cases since bits of vegetation are prone to break away and plug a peripheral artery. Effects of emboli are of the greatest importance in diagnosis. The clinical findings are varied and depend, of course, on the location of the occluded vessel. Overt embolism of peripheral arteries is less common than plugging of internal vessels. In the abdominal viscera the usual signal is pain; in the lungs the evidences of infarct may be found. Cerebral emboli produce neurologic signs appropriate to the area served by the occluded vessel.
Laboratory Tests
1. Blood Culture. Isolation of the causal organism by blood culture has always been paramount in the diagnosis of bacterial endocarditis. The procedure is iiow doubly important since selection of the proper antibiotic depends on the bacteriologic findings. Nonhemolytic streptococci of the S. viridans group are by far the most common causal agents6; they are obtained in approximately 90 per cent of the cases. Next in importance but much less frequent are pneumococci and Hemophilus influenzae (Blumer) . In Thayer's series the gonococcus ranked third. Almost any organism, however, may on occasion produce the usual picture of subacute bacterial endocarditis; it would serve no useful purpose to give a complete list, but a few of the less common agents may be mentioned: bacterioides, Streptobacillus moniliformis, chromogenic bacteria, actinonyces, spirillae, fungi, etc. Marion Jones7 in a complete and useful review of the subject lists no less than 49 organisms of all sorts, exclusive of streptococci, obtained from cases of subacute bacterial endocarditis.
Positive blood cultures are often difficult to secure; in a suspicious case numerous attempts should be made using a variety of methods. In addition to the inoculation of the usual broth flasks, agar plates should be poured with the addition of 0.5 to 2 ml. of blood. These plates should be kept moist so that they will not dry out before slowly growing colonies appear. Anaerobic methods should be tried and deep tubes of ascites dextrose agar to which 1 or 2 ml. of blood is added furnish various grades of oxygen tension. In one of our cases a single colony of S. viridans obtained on the fourteenth culture confirmed the clinical diagnosis. Some of the reasons for failure to obtain positive blood cultures from patients in whom bacterial endocarditis is found at autopsy are the following: (1) There may be very few organisms in the blood stream and the samples drawn a(ctually contain no bacteria.
(2) The organisms may fail to grow or they may multiply very slowly. (3) The bacteria may be filtered out and destroyed in the internal organs, or (4) the organisms may he "sealed" within the vegetations. This whole question, so important from the standpoint of diagnosis, is fully discussed by Mallen8 and by Beeson.9 The number of colonies obtained in culture may vary up to several hundred per milliliter of blood; the degree of bacteremia has, however, within wide limits no special diagnostic or prognostic significance. In cases of suspected implantation on coarctation of the aorta, blood for culture should be drawn from the foot rather than the arm. Bacteria-free and Healed Cases. It is possible that an occasional instance of bacterial endocarditis heals spontaneously, but permanent recovery is excessively rare. The subject is thoroughly reviewed by Kelson and White.10 As a rule, so-called bacteria-free cases, that is, those with persistently negative blood cultures, are in fact active, with the bacteria more or less walled-off in the vegetations just as they may be in some cases imperfectly "cured" by antibiotics."' When such patients die, bacteria are often readily grown from the vegetations or at least are clearly seen in sections. It is therefore of the greatest importance for the doctor to have confidence in his clinical diagnosis of bacterial endocarditis so that the patient will not be deprived of therapy merely because the blood culture is negative.
2. Urinary Findings. The discovery of an excess of red blood cells in the urine has long been regarded as important confirmatory evidence of bacterial endocarditis. It is iow known that there are two forms of renal lesion (glomerulitis), either or both of which may be present and responsible for the urinary changes. The so-called focal embolic glomerular lesions emphasized by Ldhlein in 1910 and fully described by Baehr12 in this country in 1912 consist in the involvement of one or more loops of individual glomeruli. The process is said to be specific of S. viridans endocarditis, but it is not certain that the local glomerular lesions are actually caused by minute emboli. In addition, changes indistinguishable from the usual varieties of diffuse glomerular nephritis may occur. We have in our files several autopsy reports in which both types of lesion are described in the same kidneys. One may discover, therefore, in the urinary sediment anything from an abnormal number of red blood cells to the full findings of glomerular nephritis. However, the urine may show no abnormality and one must remember that this does not rule out bacterial endocarditis. Bursts of frank renal bleeding, perhaps with flank pain, may be associated waith gross embolism and infarct of the kidney; erroneous diagnosis of renal calculus or pyelonephritis may be made. This aspect of the subject is reviewed by Christian. 13 3. The Blood Count. Most, patients develop progressive and sometimes extreme anemia which may be severe enough to cause confusion with "hematologic' disease (see below). The usual leukocyte count is slightly elevated but it may be as low as 2000 to 3000 or as high as 30,000 to 50,000. Pepper has made systematic studies of the blood in subacute bacterial endocarditis. 14 
DIFFERENTIAL l)IAGNOSIS
Subacute bacterial endocarditis is especially prone to masquerade as some other disease. In the early days before most doctors were alert to the correct possibility, a diagnosis of tuberculosis, typhoid fever, malaria, septic infection, brucellosis, rheumatic fever, acute rheumatoid arthritis, or unexplained fever was likely to be made. Kelson and White10 have made a careful analysis of diagnostic errors; they list 40 conditions which Avere erroneously diagnosed in their 250 cases before bacterial endocarditis weas recognized. Such a miscellaneous catalogue is of little help, however; it may be more useful to enumerate certain situations which require special comment:
1. Confusion with Primary Renal Disease. Bacterial endocarditis may be overlooked and a diagnosis of uremia resulting from glomerular nephritis or pyelonephritis erroneously made in the occasional case in which the renal disorder dominates the picture. All the usual evidences of renal insufficiency may be present. Villarreal and Sokoloff have described such cases."' In a recent patient of our own the urinary findings suggested glomerular nephritis and blood creatinine wsas 6 mg. per 100 ml. There was no fever but there were heart mur-murs and an enlarged spleen. The patient died in uremia and at autopsy typical vegetations were found on the mitral valve. The kidney showed both "focal" glomerular lesions and the picture of a diffuse glomerular nephritis.
2. Confusion with Hematologic Disease. In patients with very severe anemia the presence of subacute bacterial endocarditis may be overlooked, the heart murmur being regarded as simply of "hemic" origin. One may seek in vain for a source of blood loss or other explanation of the low blood count. Petechiae and palpable spleen may suggest purpura hemorrhagica. An occult cancer with severe anemia may be erroneously diagnosed. The moral of all this is that one must think of bacterial endocarditis in every instance of severe anemia not otherwise fully explained.
The situation is still further complicated by the occasional instance of bacterial endocarditis with huge spleen, anemia and leukopenia which can easily masquerade as scme form of congestive splenomegaly. 3 . Emboli. When the effects of an embolus dominate the clinical picture, the presence of bacterial endocarditis may be entirely overlooked. Embolism of brain may be confused with an ordinary cerebrovascular accident. Meningitis, meningoencephalitis, subarachnoid hemorrhage and mycotic aneurysm have all been described as overshadowing the underlying bacterial endocarditis.16 An arterial embolus in the leg may draw attention away from the bacterial infection, or a renal embolus with chills and fever may be misdiagnosed acute pyelitis. Examples could be multiplied indefinitely and no easy rule for avoiding such mistakes can be laid down.
Confusion because of Absence of Murmurs.
The diagnosis of bacterial endocarditis may occasionally be missed because no cardiac murmur is heard. Such absence of murmur may occur in rare cases where vegetations are scant and perhaps confined to the auricular walls or to the pulmonary artery, in tricuspid lesions and with certain congenital lesions. But only a very occasional case will fail to show some signs of a cardiac lesion. Examples of absence of murmurs in patients with lesions confined to the right side of the heart are given by Barker.'7 5. Neurosis. In some cases of bacterial endocarditis with low grade infection, little if any fever, vague aches and pains and perhaps only a soft mitral systolic murmur, an erroneous diagnosis of "neurosis" may be made. 6 . Bacterial Endocarditis in the Aged. It has been pointed out that in the aged the frank features of subacute bacterial endocarditis may be so modified as to elude diagnosis. '8 In an old person who continues to fail vaguely, perhaps with a little fever, after urologic manipulations, tooth extraction, various surgical operations or a respiratory infection, the possibility of bacterial endocarditis should be considered.
EARLY DIAGNOSIS
It is of vital importance to the patient that an early diagnosis of bacterial endocarditis be made. If the situation is recognized before vegetations are large and destructive, and before serious embolism has occurred, "cure" may be effected by the proper antibiotic and the patient may be as well as before the bacterial implantation took place. We have a number of such cases in our series who have now remained well for nearly 10 years without any deterioration of their cardiac status. It is common experience, however, that patients often go for many months with overt bacterial endocarditis without a correct diagnosis being made. How can this be obviated? Above all, one must maintain a high index of suspicion; the doctor must have bacterial endocarditis in the forefront of his mind with all sorts of conditions. He should think of bacterial endocarditis in anyone with congenital or rheumatic heart disease who has anemia, fever, or unexplained failure of any sort. It has been shown that streptococci commonly enter the blood stream after tooth extraction,19 operations on the nose or throat and after urologic manipulations.20 In one of our cases a chronic suppuration of a finger seemed to be the portal of entry. While such transient bacteremias are harmless in most people, the incidence of bacterial endocarditis in those with a cardiac lesion is alarmingly high after tooth extraction or other oral manipulations. Abortion or even normal delivery may be the source of infection. The urinary and genital tracts are common sources of enterococcal endocarditis, a variety of infection much more difficult to extirpate than that caused by the usual S. viridans. It is essential, therefore, that the doctor watch every patient with a cardiac lesion who is subjected to trauma of the sort mentioned above for several weeks at least, so that bacterial implantation can be promptly detected.
In this connection a word on the early symptoms is in order. Among 33 of our recent cases in which diagnosis was confirmed at autopsy, fever, either alone or with weakness, malaise, aches and pains, chills or weight loss, but without localizing symptoms, was the initial complaint in 22. Shortness of breath and ankle swelling were the first symptoms in four cases, chest pain was prominent in three, hemiplegia was the first manifestation in one, as were palpitation and pain in the flank.
ERRONEOUS DIAGNOSIS OF BACTERIAL ENDOCARDITIS
Fever occurring in a patient with old valvular heart disease does not always mean that bacterial endocarditis has developed. Such fever may be due to recrudescence of rheumatic fever, to pulmonary infarct, or to some entirely independent intercurrent febrile disease. If petechiae seem to be present, bacterial endocarditis is almost sure to be diagnosed; one must be certain that the tiny red spots are indeed hemorrhages into the skin and not punctate telangiectases. Blood culture is, of course, specially important. In patients with valvular disease and fever but with no other clinical or bacteriologic proof of bacterial endocarditis, the question of whether to give antibiotic therapy is a difficult one. If in doubt it seems wiser to give a course of penicillin, perhaps combined with streptomycin, rather than to fail to treat a possible implantation.
PREVENTION OF SUBACUTE BACTERIAL ENDOCARDITIS
The preceding paragraphs give the clue to procedures which may prevent subacute bac-terial endocarditis. Since rheumatic fever is the most common cause of the lesions upon which bacterial infection is later implanted, the prevention of that disease should head the list of our efforts. A detailed discussion of this important subject would take us too far afield; the reader is referred to the recent monograph by Rantz.2' Recent developments in the prevention of rheumatic fever are also summarized by Hauser and Eckhardt.22 It seems to be agreed that adequate penicillin treatment of group A streptococcal sore throats to the point of eliminating a carrier state cuts down greatly the subsequent occurrence of rheumatic fever. Children who tend to have recurring bouts may be helped by prophylactic doses of sulfadiazine or penicillin given continuously over months or years. Correction of certain congenital defects now possible by surgery will lessen the probability of implantation; ligation of patent ductus arteriosus and excision of areas of coarctation of the aorta can already be done, and no doubt repair of septal defects will soon be achieved by the surgeon. Unnecessary operations in regions which are common portals of entry should be shunned, especially in those with cardiac lesions. Tooth extraction and even rough dental manipulations (scaling) must, as far as possible, be avoided. However if such manipulation has to be done, prophylaxis with an appropriate antibiotic should be carried out. For tooth extraction we would suggest full doses of procaine penicillin (300,000 to 1,200,000 units daily in one or two intramuscular injections) given for one day before operation and for at least three or four days thereafter, depending on the clinical condition of the operative site. The studies of Glazer19 and of Hirsh and their associates22 show that penicillin does not sterilize the gums nor prevent bacteremia after tooth extraction but it may prevent implantation of streptococci or abort early infection. When urologic manipulations are done, penicillin and streptomycin can be used together, perhaps to advantage in preventing implantation of enterococci or other organisms not highly sensitive to penicillin alone. Aureomycin was found by Roth and his associates23 to reduce the incidence of transient bacteremia which followed tooth pulling from 56 per cent to 4 per cent. They advise the administration of 0.5 Gm. every six hours, as the prophylactic of choice with dental extraction. However much remains to be done in this domain both as to choice of antibiotic and mode of administration. ACUTE BACTERIAL ENDOCARDITIS Diagnosis. In contrast to subacute bacterial endocarditis, which in the main is an entity of specific clinical and bacteriologic characteristics, acute bacterial endocarditis occurs as an incident in the course of any septic infection. The heart valves are not necessarily the seat of previous damage and no special bacterium is at fault. Acute bacterial endocarditis is, however, relatively frequent in severe infections with pyogenic cocci as well as with pneumococci and gonococci unless the primary disease is quickly controlled by antibiotic therapy.
Diagnosis, therefore, rests on one's alertness to suspect implication of the endocardium in every instance of septic infection whether it be a streptococcal sinus phlebitis, a colon bacillus pelvic infection, or multiple staphylococcal abscesses. The most valuable diagnostic data are the appearance of cardiac murmurs, especially if the clinical condition worsens with high irregular fever and chills, and persistent positive blood cultures usually with an increasing colony count.
Prevention of acute bacterial endocarditis hinges on the energy and resourcefulness of the physician. Appropriate surgery should be done promptly in threatening cases: opening and drainage of abscesses, ligation of infected venous sinuses, and similar procedures. Equally important is the early and intensive use of appropriate antibiotics in infections which offer a potential threat of endocardial implantation.
